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PHYSIOLOGIC SPECIALIZATION OF 
CLADOSPORIUM FULVUM 
IN ENGLAND AND WALES 


by P. R. Day 
John Innes Horticultural Institution, Bayfordbury, Herts 


In the course of breeding tomatoes resistant to Leaf Mould (Cladosporium 
fulrum Cooke) at the John Innes Horticultural Institution, it was important to 
determine the extent of physiologic specialization in this fungus in England 
and Wales. This article presents a short account of the races found so far and 
of varietal resistance and susceptibility in the tomato. 


Resistance to C. fulvum is well known, and a number of resistant varieties of 
tomato are grown in glasshouse culture today. In Canada, the introduction of 
resistant varieties was followed by the occurrence of new races of the fungus 
(Langford, 1937 ; Bailey, 1947). In 1950 seven races were present (Bailey, 1950). 
Some of the Canadian varieties have been introduced into Britain, and a number 
of other varieties with similar resistance genotypes were produced by British 
breeders. The first report of the susceptibility of a resistant variety in England 
was ean (1943), who noted severe infection of the tomato variety 
Vetomold. 


It was decided to carry out a survey with the help of the National Agricultural 
Advisory Service. A preliminary survey was made in 1951 to ascertain how 
many races were present, and another, on a larger scale, in 1953, in which it 
was hoped to see something of the distribution of the races. During this work 
a collection of resistant varieties and tomato species was assembled and the 
reactions of the chief commercial leaf mould resistant varieties in Britain to 
the races found were determined. 


SAMPLING 


In the first survey, samples were requested from glasshouse areas particularly 
troubled by C. fulvum : in the second, a general request was sent out through 
the provincial plant pathologists of the N.A.A.S. Each sample consisted of 
one or more infected leaflets, and was accompanied by the name of the tomato 
variety and the nursery address. Three single-spore cultures were prepared 
from a single lesion on each sample. The cultures were on malt-agar slants 
(0:25 per cent malt, 2-0 per cent agar) incubated at 22°C. Two were preserved, 
when five weeks old, under mineral oil in a refrigerator. Samples from stored 
cultures were smeared on to oatmeal agar slants with a loop to provide spores 
for inoculation. In this way viability and pathogenicity have been unimpaired 
for three years without sub-culturing. 


The technique was later simplified so that one of the three single-spore 
cultures was used directly to provide the inoculum, and only new races, or 
otherwise interesting isolates, were preserved under oil. 


INOCULATION TECHNIQUE 


After germination at 65-70° F., seedlings of the differential host varieties 
were pricked off singly into 34-inch pots in standardized potting compost (John 
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PLANT PATHOLOGY 


Innes No. 2). To determine the reaction of the isolates, two one-month-old 
plants of each of the host varieties were inoculated by paint brush with spor 
suspensions. Inoculations were made on the lower surfaces of the three terminal 
leaflets of three adjacent leaves of each host plant, using three different isolates, 
one to each leaf. The leaves chosen were young and soft, between two and six 
inches in length, and were generally the fourth, fifth and sixth leaves. Care 
was taken so that with any one pair of plants the leaves in the same positions 
received different isolates. Thus each inoculation was made twice but in 
different leaf positions on different plants. Isolates under test were colour 
coded and the leaves labelled with small, dyed tags. In the tests of leaf mould 
resistant varieties, plants were inoculated with an atomized suspension of a 
single race. 


After inoculation the plants were fed with a 0-8 per cent solution of ammonium 
nitrate and the growing tips were pinched out (Bailey, 1950). Plants were kept 
in a humid glasshouse cubicle with water trickling on the path and damp peat 
on the benches. By this means relative humidity could generally be kept at 
about 75-80 per cent. The optimum temperature of 72° F. required summer 
shading. The plants were scored between 14 and 18 days after inoculation. 


DIFFERENTIAL HOSTS 


Professor D. L. Bailey, of the University of Toronto and Vineland Horti- 
cultural Experimental Station, whose recent paper gives the reactions of the 
Canadian races of C. fulvum on ten tomato varieties, kindly sent me seeds of 
his differential host varieties. The seven races described by Professor Bailey, 
and one other hypothetical race not yet found, can be distinguished, however, 
with only three of these varieties. Each of the three varieties is homozygous 
for one of three different dominant genes for resistance present among 
commercial resistant varieties in Canada. The race differentiation is illustrated 
using Bailey’s data and symbols in Table 1. The hypothetical race (10) is 


included to show the limits of the system. 
TABLE 1 
THE REACTIONS OF RACES OF CLADOSPORIUM FULVUM WITH THREE RESISTANCE GENES 
Host Variety Gene* Races of C. fulvum 
1 2 5 9 8 (10) 7 6 
Vetomold * I I I I 
R= resistant I= immune S = susceptible 


* Gene nomenclature suggested by Butler (1953). 


The use of this simplified host series in Britain seemed justified provided 
certain precautions were taken. These were to make sure that the resistant 
varieties grown in this country were represented in the differential host series 
by varieties with similar reactions, and that representative isolates of the races 
discovered were tested on the full host series. This simplification made it 
possible to examine a larger number of samples. 


In my tests Stirling Castle was replaced by Leaf Mould Resister No. 1, 4 
variety of the same genotype, and a further variety, Ailsa Craig, susceptible to 
all races, was included for comparison between isolates. In most tests, the 
variety Sapsford’s No.1 (which has a similar reaction to V-121) was also 
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PHYSIOLOGIC SPECIALIZATION OF CLADOSPORIUM FULVUM 


included. Tests to ascertain whether they carry the same gene for resistance 
are not complete. 


The resistant reaction due to the gene Cf, was a local hypersensitive response 
resulting in small, chlorotic areas with reduced sporulation. The failure, under 
poor light conditions, of resistance governed by this gene (Langford, 1937) 
meant that inoculations could not be carried out at Bayfordbury between 
November and March. In the immune reaction due to the gene Cf, a faint 
flecking was noticed at high inoculation temperatures, otherwise there was no 
macroscopic sign of infection. Resistance due to Cf; was distinguishable from 
Cf, by the larger spreading nature of the lesions with greater sporulation. The 
reaction of Sapsford’s No. 1 was similar, but the lesions took longer to become 
chlorotic and had less sporulation. 


RESULTS OF SURVEYS 


From 52 samples in the 1951 survey four races were found which were 
equivalent to Canadian races 1, 2, 5 and 8. Among 113 samples from the 
1953 survey these four, and one other, equivalent to race 9, were found. 


TABLE 2 
NUMBERS OF SAMPLES OF EACH RACE FOUND IN THE 1951 AND 1953 SURVEYS 


Race Total 

1 2 5 8 9 
1951 | 6 17 2 0 52 
1953 ate ake o BO 10 20 2 1 113 


A comparison between the results for the two years is not very informative, 
as the first survey sampled proportionately more resistant varieties than the 
second. This is apparent from Table 3, where the samples have been classified 
according to variety type. As might be expected, race 1 predominates on 
susceptible varieties, and the specialized races occur more frequently on resistant 
varieties. 


TABLE 3 


DISTRIBUTION OF SAMPLES AMONG VARIETIES AND CORRELATION BETWEEN RACE 
AND VARIETY TYPE 


Resistant Varieties Susceptible Varieties Unknown 
Race 1 Other Races Race 1 Other Races Varieties 
1951 .. 7 16 16 6 
1953 ste 6 16 59 14 18 


Race | is by far the most common race and was found in the majority of areas 
sampled. The distribution over England and Wales of samples which have 
been tested is shown in Fig. 1 (a). Some areas, in particular Lancashire and 
parts of the Welsh coast, were sampled more intensively than can be shown on 
the small-scale map. The distribution of the four specialized races is shown 
in Fig. 1 (b). In both parts of Fig. 1 the data for 1951 and 1953 have been 
added together. 


The specialized races, 2, 5 and 8 are not confined to any one area. It is 
suspected that this is also the case with race 9, as a few samples on Sapsford’s 
No. 1, too late for inclusion in the tests described here, were received from 
Glamorgan and Lincolnshire. 
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PLANT PATHOLOGY 


Fig. | (a) Distribution of crops from which Fig. | (b) Distribution of specialized races 
samples were tested, 1951 and 1953. ee fulvum, 1951 and 


VARIETY TESTS 


A number of leaf mould resistant varieties in cultivation in Britain have been 
tested with the five races. Their reactions are given in Table 4. The varieties in 
each group probably carry the same gene for resistance, which is given where 
known. Field trials under way at N.A.A.S. Experimental Horticulture Stations 
include, or have included, most of these varieties. 


TABLE 4 


REACTIONS OF LEAF MOULD RESISTANT TOMATO VARIETIES ‘TO FIVE RACES OF CLADOSPORIUM 
FULVUM FOUND IN ENGLAND AND WALES 


Tomato Variety Gene Race of C. fulvum 


1 2 2 8 9 
Stirling Castle 


Leaf Mould Resister No. 4 hale 

Hertford Cross (Hl) 

Stonor’s All Clear I I s 

Sapsford’s No. 1 }R R R R S 

R= resistant I= immune S= susceptible 


* Canadian leaf mould resistant varieties. 
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PHYSIOLOGIC SPECIALIZATION OF CLADOSPORIUM FULVUM 


Varieties of the Cf, (Vetomold) type have largely been given up due to the 
widespread occurrence of race 5. The fate of varieties of the Cf, (Leaf Mould 
Resister No. 1) type is at present in the balance, but there can be little doubt 
of the eventual outcome. Although no single variety in Table 4 is resistant to 
all races, several, including Antimold B and Sapsford’s No. 1, are still of great 
use because of the comparative scarcity of the races to which they are susceptible. 


DISCUSSION 


The work reported shows a general similarity in the progress of physiologic 
specialization of the leaf mould fungus in Canada and in this country. In 
Canada, where autumn tomato crops are exposed to heavy infection, resistance 
is of greater consequence. Resistant varieties are not so important in our 
economy, and the progress of the fungus has been slower. There can be little 
doubt, however, that, as far as leaf mould resistance is concerned, the existing 
varieties in this country, and recombinations of them, will eventually be of 
little more use than Vetomold is today. This is no new experience and need 
not cause alarm. The problem is being met by further breeding work at John 
Innes and other centres, using promising sources of resistance. The increasing 
use of F, hybrid tomato varieties may enable us to accelerate the recombination 
of desired resistance genes into new varieties. With the help of the N.A.A:S. 
Experimental Horticulture Stations, new resistant varieties may be quickly 
established once they have proved their worth. 


I wish to record my thanks to the members of the N.A.A.S. who assisted in this work. 
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SPRAYING TRIALS IN THE POTATO-GROWING 
AREA AROUND THE WASH, 1948-53 


by E. C. LarGg, R. Eric TAYLor, I. F. STOREY 
National Agricultural Advisory Service, Cambridge 


AND 


A. H. YULE 
Terrington St. Clement Experimental Husbandry Farm, West Norfolk 


In the important potato-growing area round the Wash and in adjoining parts 
of the Isle of Ely and West Norfolk, outbreaks of potato blight, Phytophthora 
infestans (Mont.) de Bary, occur earlier and progress more rapidly than elsewhere 
in the east of England. The N.A.A.S. Experimental Husbandry Farm at 
Terrington St. Clement was therefore chosen, in 1948, as the centre for long-term 
potato-spraying trials designed to test the economic need for routine protective 
spraying in the district, year in and year out, over a number of years. The 
opportunity was also taken to compare the results obtained by three methods 
of application : traditional wet spraying, dry dusting, and low-volume spraying 
or atomizing. The present account gives the results of the first six years of these 
trials, which were planned and supervised in 1948-49 by E.C.L. (now at the 
Plant Pathology Laboratory, Harpenden; in 1950-51 by R.E.T. (now at 
N.A.A.S., Evesham) and in 1952-53 by I.F.S. (now at Cambridge). A previous 
trial at Terrington St. Clement, which was of great interest and value, was that 
carried out by Findlay and Sykes (1937) using Bordeaux mixture and a 7-row, 
horse-drawn sprayer on the variety King Edward in the blight year, 1936. 


The blight-susceptible variety King Edward was used every year during the 
1948-53 trials and, during the last three years, Majestic was also included. 
The stocks used were at least of ““ A” standard throughout ; the general level 
of cultivation and soil fertility was good, and the results were not complicated 
by any mineral deficiency effects. Most of the spraying was done on contract, 
bm machines as used commercially in the district. The treatments were as 
ollows : 


Wet spraying. By a 13-row, tractor-drawn machine, with drop lances, 
spraying above and below the leaves, applying 6 lb. of a copper oxychloride 
preparation (50 per cent Cu) in 100 gallons of water per acre. (Except in 1949, 
when 224 Ib. of a ready-made Burgundy mixture (15-5 per cent Cu) per 100 
gallons was substituted, and in 1948, when no wet spraying was done). 


Atomizing. By a 13-row, tractor-drawn Agro sprayer, with air-blast nozzles 
on drop legs, spraying above and below the leaves, applying 6 Ib. of the same 
copper oxychloride preparation in 15 gallons of water per acre. (Except in 
1949, when 5 lb. of a cuprous oxide preparation (50 per cent Cu) in 20 gallons 
was substituted, and in 1953, when top spraying was substituted). 


Dry dusting. By an 11-row, tractor-drawn duster, applying about 25 lb. 
of copper-lime dust (24 per cent Cu) per acre. 


Top spraying. In 1953 only. By a 10-row, tractor-mounted, low-volume 
sprayer, with nozzles on a straight boom, above the plants only, applying 6 lb. 
of copper oxychloride preparation (50 per cent Cu) in 15 gallons of water per 
acre. 
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POTATO SPRAYING TRIALS IN THE WASH AREA 


Two wet sprayings or atomizings were compared with four dry dustings in 
1948 and 1949 ; and three wet applications were compared with six dustings 
in the other years. The timing of the applications, in relation to the dates of 
outbreak and progress of the blight attacks, is shown in Fig. 1. 


loop“ October 1948 
d 
BLIGHT i King Edward 
ON d= dusting 
HAULM 50 a= atomising 
percent w= wet spraying 
t= top spraying 
re) pe 
1949 
100 
NO BLIGHT 
50 
Loss from 
spraying 
° 
1950 
100 
| | 
Gain trom 
| spraying 3TONS 
° 
1951 
100 
vd 4d d¥d vd 
waa al wea King Edward 
| & Majestic 
50 
Gain from 
spraying NIL 
re) 
1952 
100 
d | td d d 
wea wea wea v King Edward 
& Majestic 
NO BLIGHT 
50 
Lenses Loss from 
spraying 
° 
100 T 1953 
King Edward 
& Majestic 
Gain trom 
TONS 
Per cere 
Fig. |. Progress of blight on unsprayed, sprayed and dusted haulm at Terrington, 1948-53, 


with approximate gain or loss from spraying (tons per acre total crop) in each year. 
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PLANT PATHOLOGY 
EXPERIMENTAL METHODS 


There were four replications of each treatment and control each year, except 
in 1948, when there were five. A randomized block layout was used. Each 
plot was 11 rows wide* and ran the whole length of the field (100—200 yards), 
On the 13-row machines, the outer nozzles were blocked off to confine the 
spraying to 11 rows. In view of the obvious damage caused on sprawling 
haulm by the sprayer and tractor wheels, great care was taken throughout the 
trials to ensure that the machines passed over the same wheel tracks each time, 
and yields were obtained for both damaged and undamaged rows. The yield 
estimations were made by lifting and weighing the total crop from four lengths 
of 33 yards of row in each plot. Two of these lengths were located at random 
in the four rows damaged by the sprayer wheels, and two in the rows not so 
damaged. The average row width throughout the trials was 29 inches. To 
save labour, grading was done only on the produce of the four sample lengths 
in one plot for each treatment each year. The grading results showed that the 
proportion of chats (through 1}-inch riddle) was small throughout the trials, 
never exceeding 2'per cent of the total, and averaging about 14 per cent for all 
treatments in all years. The blighted tubers (which were included in the weight 
of total crop) also formed a very small proportion of the whole (Table 3). 


INCIDENCE OF BLIGHT DURING THE SIX YEARS 


Observations were made each year on the progress of blight on the foliage, 
using the B.M.S. key, and curves (Fig. 1) were plotted for all treatments, on 
both varieties, in the manner already described by Large (1952) and Beaumont, 
Bant and Storey (1953), in this JouRNAL. The curves for the unsprayed plots 
show clearly that in two of the six years (1949 and 1952) there was no blight, 
in one of the years (1951) the course of the attack was very late (not reaching 
the 75 per cent stage until late September), but in the other three years (1948, 
1950 and 1953) there was blight beginning in July and reaching the 75 per cent 
stage by about mid-August. There were, therefore, only three “ blight years” 
in the six, but in’these blight years the course of the attack was similar to that 
occurring almost every year in the South-West, and considerably earlier and 
more severe than is to be expected in the east of the country outside the Holland 
division of Lincolnshire, the Isle of Ely, and contiguous parts of West Norfolk. 


PROTECTIVE EFFECT OF SPRAYING ON THE HAULM 


In all the years in which the unsprayed haulm was destroyed by blight, all 
the protective treatments were beneficial in retarding the progress of the attack. 
The curves for the atomized and wet-sprayed plots, in all years, were identical 
within the limits of accuracy of the assessments. The top spraying (low-volume 
spraying from above only), in the single year in which it was tried, also gave the 
same protection as wet spraying. Dry dusting, with twice as many applications 
and using four times as much copper per acre, was less effective in 1950 and 1953, 
but gave a better result than atomizing in 1948, as the last dusting in that year 
renewed the protection at a critical time. . 


In 1949, when the weather over the trial period was unusually dry and there 
was no blight, the haulm began to yellow off in the first week in August. In 
this year the control plots grew on longer than the treated plots, owing to some 
phytotoxic effect of the spraying, which was greatest with the Burgundy mixture 


* Except with the 10-row top sprayer in 1953. 
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POTATO SPRAYING TRIALS IN THE WASH AREA 


‘and least with the dust, The mean percentage of the haulm dead on August 17 


was: untreated, 33 ; dusted, 50 ; atomized, 66 ; and wet sprayed, 75. There 
was a — effect in the other dry season, 1952, when severe aphid infestation 
was noted. 


In the one year (1953) in which the progress of blight was compared on 
King Edward and Majestic growing side by side during a severe epidemic, the 
progress of the disease on the Majestic was notably slower than that on the 
King Edward : the curve for the unsprayed Majestic was very near to that for 
the sprayed King Edward. 


TABLE 1 


PROLONGATION OF GROWTH OF HAULM DUE TO SPRAYING OR DUSTING, AND ANTICIPATED 
RESULTANT INCREASE OF CROP 
Anticipated § Anticipated 
Date of 7 at Blight at Loss of Gain from 
Outbreak per cent per cent or 


per cent per cent 

1948 : King Edward 

2 Sprayings Aug. 6 Aug. 18 Aug. 25 20 12 

4 Dustings Aug. 6 Aug. 25 Sept. 3 11 21 

Untreated -- July30 Aug.9 Aug. 13 32 —_ 
1950 : King Edward 

3 Sprayings July24 Sept.8 Sept. 11* 5 22 

6 Dustings July24 Aug.30 Sept.8 20 

Untreated July24 Aug.14 Aug. 17 27 
1951: King Edward and 

Majestic 

3 Sprayings -- Sept.12 Sept.30 Oct.2 0 2 

6 Dustings .. Aug.30 Sept.30 Oct.2 0 z 

Untreated -- Aug.30 Sept.18 Sept. 22 2 — 
1953 : King Edward 

3 Sprayings -. July10 Aug.18 Aug. 26 18 14 

6 Dustings .. July10 Aug.13 Aug. 19 25 7 

Untreated Aug. 8 Aug. 13 32. 
1953 : Majestic 

3 Sprayings July14  Aug.27 Sept.7 8 10 

6 Dustings July14 Aug.24 Sept. 5 10 8 

Untreated Aug. 15 Aug. 26 18 


* Burnt off with acid on September 11, before reaching 75 per cent. Dates of burning off in other years were : 
1951, October 4; 1952, September 11 ; 1953, September 8. 


The dates by which blight reached the 50 and 75 per cent stages on the 
sprayed, dusted and untreated haulm, in each of the years in which there was 
a blight attack, are given in Table 1. Figures are also given in this table for 
the probable percentage loss of potential crop due to blight, and gain (as a 
percentage of potential crop) due to spraying or dusting, as read solely from 
the progress curves for blight on the foliage, using the method given by Large 
(1952), and basing the estimates on his loss curve for Majestic. This has been 
done to provide a further illustration of the use of the method, and to test to 
what extent estimates for Majestic are also of the right order for King Edward, 
a variety not differing greatly from Majestic in the date at which it reaches 
maturity. 
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EFFECT OF TREATMENTS ON YIELD OF TUBERS 


There was a considerable difference between the yields from the rows damaged 
and not damaged by the sprayer wheels (Table 4). Therefore, since the number 
of rows damaged by the passage of the sprayer was 4 in 13 where a 13-row 
machine was used, 4/13 of the yield from the wheel-damaged rows was added 
to 9/13 of that from the undamaged to obtain the mean yield. With the 11-row 
machine, the proportion taken was 4 in 11, and with the 10-row top sprayer 
4 in 10. Hence the figures given in Table 2 show fairly the mean yields (as 
determined by lifting and weighing) for machines working at their full row width 


in normal field operation. The figures for untreated control are for undamaged 
tows only. 


The effect of the treatments was to increase the yield (in blight years) by 
prolonging the growth of the haulm, to decrease the yield in all years by 
wheel damage, and also to decrease the yield in the dry years (1949 and 1952) 
by phytotoxic effects. Table 2 shows the net gain or loss from the whole 
operation in each year. 


TABLE 2 


EFFECT OF PROTECTIVE SPRAYING OR DUSTING ON TOTAL YIELD USING A 13-ROW WET SPRAYER, 
A 13-Row ATOMIZER, AN 11-ROw DusTER AND A 10-Row Top SPRAYER 


(tons per acre) 


King Edward Majestic 
1948 1949 1950 1951 1952 1953 1951 1952 1953 
Wet spraying. . 12-2 16°5 17:2 19-2 14-4 15-5 21-3 
Atomizing .. 17-2 13-3 17:0 156 169 — 16-5 16-1 
Dry dusting .. 18-0 13-5 14-9 16:5 15-4 15°3 19:5 
Untreated .. 16-3 14-8 14:0 16:2 18:9 16-6 15-9 17-8 


Standard error +0-4 +0°5 +0°5 +0°6 +0:-7 +0°6 +0°4 +0°7 
Mean gain : 
+3-0* 1-8* +2-6* 0:5 2:0* 


Dusting +1:°7 —1:3 —3-5*+1-2 —0:1 —2-5* —0-1 


* Yields differing significantly from control at the 5 per cent probability level. 


In King Edward, the mean gain from wet spraying or atomizing (which were 
about equally effective) was of the order of 1 ton per acre in 1948, 3 tons per 
acre in 1950 and 24 tons per acre in 1953 ; while in 1949 and 1952 there was a 
mean loss of about 2 tons per acre, and in 1951 there was neither gain nor loss. 
Over the whole six-year period the average gain was about 8 cwt. per year. The 
gain from top spraying in 1953 was less than from wet spraying but the difference 
was not significant at the 5 per cent probability level. Dry dusting, though it 
gave a greater yield than atomizing in 1948, was less effective in the other blight 
years, and the average gain from it over the whole six years was nil. 


With Majestic (in 1951, 1952 and 1953) the figures for gain and loss were 
similar to those for King Edward. ? 
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POTATO SPRAYING TRIALS IN THE WASH AREA 
EFFECT OF PROTECTIVE TREATMENTS ON BLIGHT IN TUBERS 


The mean weight of blighted tubers at lifting, as found in one plot for each 
treatment each year, is given in Table 3. The proportion of blighted tubers 
was low throughout the trials. In 1948, when the haulm was not burnt off with 
acid, there was about 5 per cent in the control plot as against 24 per cent in the 
sprayed and unsprayed plots, but in the other years the proportion did not 
exceed 2 per cent and there were no differences due to the protective treatments. 
There were no blighted tubers at all in the two years 1949 and 1952, when there 
was no blight on the foliage. 


TABLE 3 


BLIGHTED TUBERS AT LIFTING (INCLUDED IN TOTAL YIELD) 
(cwt. per acre) 


King Edward Majestic 
1948 1949 1950 1951 1952 1953 1951 1952 1953 
Wet spraying... — 0 7 44 0 1 0 0 0 
Atomizing .. 9 0 7 3 0 0 0 
Dry dusting .. 9 0 5 3 0 4 0 0 0 
Untreated .. 16 0 5 3 0 3 0 0 t 


The rows were well earthed-up in all years, and lifting was not begun until 
at least a fortnight after the haulm had completely died down in 1948 and 1949, 
or after it had been destroyed with acid in the other years. The dates of haulm 
destruction are given in Table 1 and shown in Fig. 1. 


EFFECT OF WHEEL DAMAGE ON YIELD 


The differences between the yields from the rows damaged and not damaged 
by the tractor and sprayer wheels, for each treatment each year, are given in 
Table 4. There was some indication that the loss from wheel damage with dry 
dusting—where the machine passed twice as often through the plots—was 
slightly greater than with wet spraying or atomizing. The loss was least in 
1949, when the haulm was small in a very dry season, and greatest in 1951 and 
1953, when the haulm was very dense and sprawling. The mean figure for the 
loss in the damaged rows, however, in all years and for all treatments, was about 
2:3 (40-2) tons per acre, or about 13 per cent of the potential yield. 


TABLE 4 


Loss OF YIELD IN Rows SUFFERING WHEEL DAMAGE 
(tons per acre) 
King Edward Majestic 
1948 1949 1950 1951 1952 1953 1951 1952 1953 
1 1 


Wet spraying .. — £2, 1-5 1- 
Atomizing 26 06 2:3 O08 2:1 1-3 
Top spraying. . — 25 — 3:5 
Running idle* — 20 3:3 1-9 2:0 32°" 


* Wet sprayer run idle through control plots. 
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PLANT PATHOLOGY 


Only four rows in each row width of the sprayer suffer wheel damage, so that 
with crops at the high general level of potential yield of those at Terrington 
(about 17} tons per acre total crop) the expectation of loss with machines of 
different row widths is as follows : 


4-row 5-row 7-row 9-row I1-row 13-row 15-row 
Tons peracre .. 1-9 1-3 1:0 0-8 0-7 0-6 
Percentage ee BB 104 6 5 4 34 


Apart from some soil compaction, little damage was done by the passage 
of the sprayer at the time of the first application, when the haulm was still 
upright. The loss was mainly due to cutting and crushing of sprawling haulm 
at the second and later applications. In these trials the sprayers passed over the 
same wheel tracks at each application; where the sprayers do not do this, 
greater loss is to be expected. The losses from wheel damage found in these 
trials were comparable with those found by Findlay and Sykes (1937) in their 
horse-drawn spraying trial in 1936, where there was a difference of 1-4 tons per 
acre between the yield of ware from the undamaged and damaged rows ina 
— lighter crop (8-6 tons per acre of ware in thrice-sprayed, undamaged 
rows). 


COMPARISON OF ESTIMATES OF GAIN BY PROGRESS CURVES AND BY LIFTING TRIALS 


When the figures for anticipated gain in Table 1 are reduced by 4 per cent, 
5 per cent and 53 per cent respectively to allow for wheel damage by the 13-row 
sprayers, 11-row dusters and 10-row top sprayer, the anticipated gains and losses 
in tons per acre, taking “ potential crop” at the levels shown and assuming 
wheel damage only, in the no-blight years, are as follows : 


TABLE 5 


ANTICIPATED GAINS FROM SPRAYING AND DUSTING 


(tons per acre) 
King Edward Majestic 
1948 1949 1950 1951 1952 1953 1951 1952 1953 


Level of poten- 
tialcrop .. 18 15 17 16 19 2 
Anticipated gain : 
Wet spraying 41-4 —0-6 —0-3 -0-8 +2:0  -0-3 -0-8 +13 
Dry dusting +2-9 —0-8 —0-5 +0-4 -1-0 +07 
Top spraying — +1°7 — +10 


The principal divergence between these anticipated gains and losses and those 
found by lifting (Table 2) is in the figures for dusting, where greater gains and 
smaller losses are indicated by the progress curves than by the weights from the 
sample strips. The lifting figures also indicated greater losses from spraying 
and dusting in the no-blight years than would be expected from wheel damage 
alone. Closer estimates for the no-blight years could have been made if the 
75 per cent dates for haulm decline, due to copper toxicity and other causes 
apart from blight, had been recorded and taken into account. The course of 
bulking in the 1953 trial was almost certainly earlier than usual, but despite 
this, and bearing in mind that the mean gains and losses, as determined by 
lifting, were subject to standard errors of +0-6 to +1-2 tons per acre, the 
agreement between the estimates obtained by the two methods was close. 
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POTATO SPRAYING TRIALS IN THE WASH AREA 
FREQUENCY OF OCCURRENCE OF BLIGHT YEARS 


The observations made during these trials (Fig. 1) suggest that in the 
Terrington area, one year in every two or three may be a blight year; but the 
trials have obviously not yet continued long enough to establish this frequency. 
No progress curves for blight in the area are available before 1947, but general 
reports on blight received by the Plant Pathology Laboratory, taken in conjunc- 
tion with weather records, indicate that the 75 per cent dates for the blight 
epidemics in this area during the past 20 years were probably as follows : 


Mid-August End of August Méid-September After Mid-Sept. 


1953 1945 1943 1952 
1950 1944 1942 1951 
1948 1941 1937 1949 
1946 1938 1935 1947 
1939 1940 
1936 1934 


These estimates are for the Holland division of Lincolnshire, the Isle of Ely, 
and adjacent parts of West Norfolk only. In all other parts of the east of 
England the records show that the dates were generally later and blight less 
severe. 


CONCLUSIONS 


The first six years of the trials at Terrington, taken in conjunction with past 
records and observations made in the course of the blight forecasting survey 
in 1950-53, indicate that in the important potato-growing area defined as above, 
and for King Edward, three years in ten may be expected to be blight years, 
with the disease reaching the 75 per cent stage by mid-August, and with a 
probable gain from efficient spraying of 2-3 tons per acre on the heavier crops. 
In addition, there may be expected to be two years out of the ten in which 
blight reaches the 75 per cent stage by the end of August, with a probable net 
gain from spraying of about 1 ton per acre, and another two years in which 
the disease will not reach the 75 per cent stage until mid-September, and any 
possible small gain from spraying will be lost by wheel damage. Finally, the 
remaining three years may be expected to be ones in which there is no blight 
at all, and in which there will be substantial Joss from spraying, due not only 
to wheel damage, but in some cases also to phytotoxic effects, especially where 
there is heavy aphid attack. The gain from spraying Majestic in blight years 
may be expected to be less than on King Edward, for, as in 1953, blight on 
Majestic frequently reaches the 75 per cent stage a week or a fortnight later 
than it does on King Edward. 


Majestic has not been included in these trials long enough to permit any 
general conclusions on the real need for spraying this variety in the area round 
the Wash and the Isle of Ely, but for King Edward routine wet spraying increases 
the total production of potatoes by giving increases of yield in blight years, 
and it would just be economic in point of view of cost over a long period of 
years if it were not for the losses from spraying in the years in which there is no 
blight. In blight years spraying increases crops that are already above average 
because the rain that favours the blight also favours the growth of the potatoes. 
In no-blight years spraying decreases crops that are already light because of the 
dry weather. 
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PLANT PATHOLOGY 


Consideration of the charts (Fig. 1) suggests ways in which the losses jp 
no-blight years could be reduced or avoided, and by which applications in 
blight years could be saved or timed more effectively. First, applications in 
June appear unnecessary, except in a very few exceptional years, such as 1953, 
when the outbreak was definitely forecast for early July. In general, the optimum 
time for a precautionary first spraying in this area is about the end of the first 
week of July, when, incidentally, the machines can get through the haulm 
without causing any appreciable damage. Next, with the precautionary spraying 
applied at this time, the second spraying could be deferred until outbreaks have 
been seen or forecasted for the district. Thus in no-blight years the second 
application would not be given at all, and there would be a saving both of the 
cost of the application and of the loss of crop caused by it. In blight years the 
second application would be in time, and it could be followed by a third to 
maintain the protection for as long as possible, if it were seen that rain was 
washing the deposits off the haulm. 


With the development of potato blight forecasting in this country, some 
growers in the district may be able to save even the first precautionary spraying 
in no-blight years ; but it has to be remembered that, even if forecasting could 
give without fail the ideal date for first spraying in every blight year, the whole 
of the potatoes over a wide area could not be sprayed on that day. 


In the first six years of these trials, dusting, even with twice as many applica- 
tions and using four times as much copper per acre, was less effective than wet 
spraying. Low-volume spraying, using drop lances, was of the same order of 
effectiveness as high-volume wet spraying. ‘‘ Top spraying”, or low-volume 
spraying from above only, was not significantly less effective than wet spraying 
from above and below in the one year in which it was tried (1953). But in this 
year wet spraying itself was not very efficient in prolonging the growth of the 
haulm (see Fig. 1), and at the time of the second and critical application, the 
haulm was so heavy and sprawling that the drop lances on the wet sprayer were 
in fact doing little more than spraying the foliage from above. Further trials 
of top spraying are needed and it is hoped to include them in future years. 


Thanks are due to the Director and field staff of the Terrington Experimental Husban 
Farm . carrying out these trials, particularly to Mr. B. C. G. Watson, the farm bailiff. 
Mr. J. M. Hirst gave most valuable help with the field observations on blight in the years 
1951-53. “Members of the Statistical Department at Rothamsted advised on the layout of the 
trials, analysed the yield results, and gave much help in their presentation. 
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MUMMY DISEASE OF MUSHROOMS 


by I. F. STOREY 
National Agricultural Advisory Service, Cambridge 


In June 1950, when I was working in the Yorkshire and Lancashire Province 
of the N.A.A.S., an outbreak of mummy disease was investigated on a mushroom 
farm near Lancaster. The trouble had been suspected in previous crops and 
its reappearance made a fuller investigation possible. Two large beds, each 
50 feet long, were placed on the concrete floor of the house, and the mushrooms - 
grown in one of them soon showed the condition, which has been well described 
by Tucker and Routien (Res. Bull. Mo. agric. Exp. Sta., No. 358, 1942). The 
condition was first noticed in a small area of bed directly over a crack in the 
concrete floor at the time of the third flush, and within ten days all the mushrooms 
in the bed were showing mummy symptoms. Although the distance separating 
the two beds was less than two feet, normal mushrooms were produced on the 
other bed up till the time the beds were turned out. The elongated stipes and 
asymmetric caps of the affected mushrooms were the most striking features 
(Plate II, 1). On cutting, the cap and the stipe were found to have cavities, 
and in some specimens these were filled with bacteria (Plate II, 2). The first 
symptom noticed by the grower was the gritty texture of the stem tissue when the 
mushrooms were being prepared for market by cutting the stalk with a knife. 
There was also a prolific development of mycelial strands round the base of 
the stem. 


Portions of compost and casing soil taken from the affected bed were 
introduced into two growing trays, obtained from another grower, which had 
just started to produce mushrooms. In this test an area of 4 square inches 
of compost and casing soil was removed from each end of the tray and replaced 
with material from the affected beds. This was done on June 7, and by June 28 
mushrooms showing the characteristic symptoms of mummy disease were being 
produced all over the trays. Six weeks after the first appearance of the disease 
the contaminated trays were still producing a large number of small buttons. 
Another tray was left untreated and normal mushrooms were produced in it 
throughout its cropping life. 


Material from the affected trays was later sent to the Rothamsted Experimental 
Station and, when placed in trays about to come into production, again gave 
rise to typically affected mushrooms. Bawden and Gregory (Rep. Rothamst. 
exp. Sta., 1951, 85) found nothing to suggest that the condition was due to a 
virus. Extract from mummy mushrooms was added to compost with spawn 
and with fruiting bodies and was inoculated to young buttons without reproduc- 
ing the disease. Pure cultures of the fungus were obtained from pileus tissue 
and from spores of both normal and mummy mushrooms. Composts in pots 
were inoculated with these cultures and with spawn derived from them and 
grown on wheat grains. The fruiting bodies produced were all of the normal 
type. Thus the disease did not appear to be a virus that is present within the 
hyphae or spores. The cause is at present undetermined but seems likely to 
be some agent present in the soil that is not perpetuated with the mushroom 
mycelium. 


The effects of the disease were reduced in the following crop at the mushroom 
farm by making eight smaller beds instead of the two large ones. Spread was 
thus restricted and only two of the eight beds were affected. 


Thanks are due to Mrs. K. Cottrell and Mr. J. H. Bant for the photographs. 
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PETAL BLIGHT OF RHODODENDRON 
IN SCOTLAND 


by Mavis R. PATON 
Department of Mycology, Royal Botanic Garden, Edinburgh 


Petal blight, caused by the fungus Ovulinia azaleae Weiss (Phytopathology, 1940, 
30, 236-44) causes serious damage to azaleas and rhododendrons in southern 
and south-eastern parts of the U.S.A. The first and only previous record of 
its occurrence in Europe is from Switzerland, where it was found on azaleas in 
a glasshouse in 1948 (Rev. hort. suisse, 1950, 23, 79-84). 


In the autumn of 1950, sclerotia were found on several rhododendron bushes 
on an estate near Kilmarnock, Ayrshire, which were later identified as the 
sclerotia of O. azaleae. It is now known that the fungus is well established 
in several areas along the Solway coast from New Abbey to Stranraer, and in 
September 1953 it was found on a number of bushes at Dunkeld, Perthshire. 
Affected bushes were usually hybrid rhododendrons flowering at the beginning 
of June ; azalea hybrids which flower at the same time were also attacked. 


Recently, the fungus has also been seen on the late-flowering Rhododendron 
discolor. 


The symptoms were similar to those described from America. The first 
indication of infection was the appearance of small spots on the inside of the 
corolla lobes ; the spots were white on coloured flowers and rusty on white 
ones. In mild, damp weather the spots enlarged rapidly and in a few days the 
petals appeared water-soaked and collapsed about the stamens (Plate I, 1). 
The characteristic large oval spores, 40-60 » in length, were present in 
abundance on the collapsed petals, appearing as a white “* bloom ” on severely 
affected flowers. Eventually, the petals dry out and, unlike those of normal 
flowers, which fall to the ground soon after fading, remain attached to the 
trusses until well into the autumn. From about August small black, cupulate 
sclerotia, about 5-10 mm. in diameter, are to be found embedded in the 
shrivelled brown petals (Plate I, 2). The sclerotia may become detached from 
the tissue when mature, leaving clear-cut holes ; or they may fall to the ground 
with the dead blooms when the trusses ultimately disintegrate. 


In the late spring the sclerotium produces an apothecium and the ascospores 
infect the opening flowers. Weather conditions at this time determine the 
severity of the attack : if they are favourable for the production of conidia, the 
disease spreads rapidly among the flowering rhododendrons ; but if it is dry 
few conidia are produced and the attack remains localized. As far as is known, 


the fungus is confined to the corolla tissue and the health of the bush is not 
affected in any way. 


Pure cultures of O. azaleae can readily be obtained by picking off a conidium 
from an infected petal under the low power of the microscope and placing it 
on malt agar. So far, however, the fungus has not been induced to form conidia 
in culture. Sclerotial material forms well on steamed wheat kernels, but is 
without any definite shape. Apothecial fundaments have been obtained by the 
method described by Drayton (Mycologia, 1934, 26, 46-72), that is, by freezing 
the cultures for three months and then leaving them exposed to sunlight for 
three weeks at room temperature. No asci matured, however. Sclerotia 
collected from infected bushes and subjected to the Drayton treatment produced 
apothecia with viable ascospores from which pure cultures were also obtained. 
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|. A hybrid bush attacked by Ovulinia azaleae Weiss, showing collapse of the petals about the 
stamens, June 1953. 


2. Black sclerotia on shrivelled petals, September, 1953. 
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Affected mushrooms showing typical elongated stipes, asymmetric caps, and developmem 
of mycelial strands around the base. 


2. Sections of the small buttons and distorted mushrooms showing cavities. t 


II 


é MUMMY DISEASE OF MUSHROOMS (see p. 49) 
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larvae of the Hop Root Weevil, Epipolaeus caliginosus F., in the basal part of a hop bine, showing 
characteristic burrows. 


PLATE II] 


L (see pp. 63-5) 


2. Close-up of gall. 
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3. Galls on seedlings. 


4. Galls on side shoots in late summer. 
Galls of Dasyneura lupulinae Kieffer on Medicago lupulina. 
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THE BLACK MEDICK OR “TREFOIL ” 
GALL MIDGE 


by H. F. BARNES AND K. K. NAYAR* 
Rothamsted Experimental Station, Harpenden, Herts 


The widespread occurrence in the spring of 1953 of the galls of Dasyneura 
lupulinae Kieffer throughout a field of black medick (Medicago lupulina) 
(ommonly known as trefoil) near Braughing, Herts, afforded the opportunity 
to study the biology and significance of this species. In spite of the heavy 
infestation, it was doubtful whether the midge had affected the crop appreciably 
upto that time ; the subsequent growth was reported to have been satisfactory. 
Although there have been few previous records of the midge in this country, 
itis probably not uncommon, at any rate in East Anglia, as it was subsequently 
found (by F. W. Dunnett, N.A.A.S., Herts) in fields at Great Munden and 
Weston. Some galls were received from Dr. H. C. Gough early in March and 
afurther supply was collected later the same month. Most of the galls were 
kept in emergence pots in the insectary at Rothamsted Lodge, but a few infested 
plants were potted and grown in an unheated glasshouse. The latter produced 
midges from about May 7 onwards, which were allowed to re-infest the plants. 
Those kept in the insectary started emerging on May 27 and continued until 
July 10. In all, 119 males and 270 females of D. /upulinae, as well as 5 males and 
\7females of a Lestodiplosis species and a few hymenopterous parasites, emerged. 


Thus under insectary conditions the spring flight of midges from overwintering 
larvae took place considerably later in 1953 than in 1946, when material supplied 
by Mr. J. H. Stapley from Occold, near Diss, Suffolk, emerged between April 24 
and May 27. The emergences in this earlier case were 14 males and 84 females, 
the Lestodiplosis species being also present. 


BREEDING EXPERIMENTS 


The method used in the study was to set up fresh breeding cultures throughout 
the season, using individuals from each flight of midges, while at the same time 
retaining all the plants so as to observe the extent of re-infestation by emerging 
midges before their daily extraction from the cages. The results of these 
breeding experiments are given in Table 1. Thus 1A, 2A and 4A refer to three 
pots of the originally infested plants collected near Braughing. The first flight 
in these pots consisted of midges that emerged from May 7 onwards. These 
were not extracted daily, nor counted, but allowed to re-infest the plants quite 
taturally. A new generation appeared in these pots during July and, although 
these midges were extracted daily, a third flight occurred from August 16 to 
September 20. Midges from the July flight were used between July 2 and 17 
fo set up breeding cultures 9-17. These resulted in a flight of midges from 
August 10 to September 13. Individuals from this flight were used to set up 
periments 19-24 (not included in the table) on August 13 and 14. Although 
galls were well developed by mid-September, no emergence of midges took 
place in these latter cages during 1953. New galls were present at this time 
i experiments 1A, 2A and 4A, as well as in 9-17, but similarly no further 
tmergences took place in 1953. 


* On study leave from Zoology Department, University of Travancore, Trivandrum, India, 
With a travel grant from the British Council. 
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PLANT PATHOLOGY 
TABLE 1 


EMERGENCE OF D. LUPULINAE IN BREEDING EXPERIMENTS, 1953 


Experiment Date of Period of Number of Sex Ratio 
No. Oviposition Resultant Flight Midges 3d : 99 
1A c. May 7 et sqq. July 1-19 136-398 25 : 75 
2A c. May 7 et sqq. July 1-26 340-380 47: 53 
4A c. May 7 et sqq. July 4-27 76-152 33 : 67 
1 June 6 July 20—-August 3 6-80 _ 

2 June 8 July 20-August 6 53-102 34 : 66 
3 June 10 July 21-August 5 3-38 _ 
4 June 10 July 21-August 10 21-196 10 : 90 
5 June 11 July 21-August 7 101-127 44 : 56 
6 June 15 July 25—August 2 5-5 — 
a June 17 July 28-August 10 7-5 — 
8 June 20 July 28-August 11 8-9 -- 
1A July 1 et sqq. August 16-September 13 99-295 25 : 75 
2A July 1 et sqq. August 16-September 9 248-326 43:57 
4A July 4 et sqq. August 16-September 20 249-380 40 : 60 
9 July 2 August 13-26 40-123 25 : 75 
10 July 2 August 14-25 92-108 46 : 54 
11 July 3 August 13-25 6-29 _ 
12 July 3 August 10-22 24-58 oo 
13 July 3 August 11-23 18-47 a 
14 July 4 August 10-16 14-12 - 
15 July 10 August 18-27 2-17 — 
16 July 11 August 19-September 6 18-34 -— 
17 July 17 August 25-September 13 32-39 _ 
18 July 28 September 12 0-1 — 
1 July 20 et sqq. August 24-September 20 126-389 : 76 
2 July 20 et sqq. August 26-September 16 13-313 4: % 
3 July 21 et sqq. August 30-September 13 43-92 32 : 68 
4 July 21 et sqq. August 30-September 16 23-61 —_ 
5 July 21 et sqq. August 31-September 15 18-97 16 : 84 
6 July 25 et sqq. August 31-September 16 14-276 5 3:93 
x | July 28 et sqq. September 3-19 1-104 “a 
8 July 28 et sqq. September 3-23 17-27 _ 


In parallel experiments individuals that emerged from the insectary emergence 
pots were used between June 6 and June 20 to set up experiments 1-8, also in 
the unheated glasshouse. The resultant flight of midges appeared between 
July 20 and August 11. (One experiment, No. 18, using midges of this flight, 
was set up.) Once again, although every effort was made to extract the midges 
on the day they emerged, the plants became reinfested and a further flight of 
midges appeared between August 24 and September 23. Subsequently, fresh 
galls appeared but no further emergences took place. Excluding the emergences 
in the insectary and those in the first flight in 1A, 2A and 4A, a total of 1,853 
males, 4,320 females and 5 individuals showing male and female characters 
were thus reared. 


Usually from 3 to 8 female midges, with about the same number of males, 
were used initially in each breeding cage, but only one female with two males 
was liberated in each of the cages 6, 7, 8 and 18. Naturally it was not possible 
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BLACK MEDICK GALL MIDGE 


to determine how many females were the cause of the subsequent re-infestations. 
Oviposition in the latter cases probably extended over many days, in contrast 
to those experiments in which a known number of females was used ; in these 
cases oviposition was completed in one or two days. Normally the plants were 
well grown by the time the midges were inserted, but in experiments 13-24 the 
plants were only in the seedling stage. 


BIOLOGY OF THE MIDGE 


Invariably the eggs are laid in the axillary or terminal buds, which swell into 
green or reddish, roughly pea-sized galls of irregular shape (Plate IV). These 
are usually soft, but when the plant is older and not actively growing, or under 
rather dry conditions, the galls are inclined to be hard to the touch. Similarly, 
when the galls are small but containing many larvae they become tight and hard. 
As many as 141 larvae have been extracted from a single gall, but more often 
there are about 20 or less larvae or pupae. The number presumably depends 
to some extent on the number of buds available for oviposition. The first sign 
of a gall is frequently a reddening of the plant tissue about nine days after the 
eggs have been laid. Well-defined galls are apparent about a fortnight after 
oviposition, and the galls continue to develop until about the end of the fourth 
week. Pupation takes place in the galls, and after emergence of the midges 
the empty pupal cases can be observed protruding from the galls. 


The first flight of midges in the year occurs, according to the season, from 
late April onwards, and may continue until early July. The first generation is 
completed during July to August, when the second flight occurs. This is 
followed or overlapped by the midges of the second generation, which are on 
the wing during August and September. 
The larvae of this generation, and most 
sal probably the latest ones of the first 

generation, overwinter to give rise to 
the first flight of midges the following 
year. In the experiments the time 
lapsing between oviposition and the 
first midges to emerge was from 35 to 
46 days, with an average of 40. Out 
of doors, this period is probably more 
variable and may be slightly longer in 
cold summers. The duration of the 
flights in the experiments was about a 
fortnight to three weeks when the 
original oviposition was completed in 
a day or two, but when the duration 
of oviposition was extended, the sub- 
sequent flight period was naturally 
bs increased and lasted just over five 
weeks. It is obvious that under field 
Fig. |. Weekly emergence of Dasyneura lupu- CONnditions this period would be much 
linae Kieffer in 1953. Post-winter longer and that there would be con- 
in and siderable overlapping of the genera- 
The tions, especially in late summer. Fig. 1 
ence in the glasshouse started about Shows the weekly emergences under 

May 7. experimental conditions in 1953. 
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PLANT PATHOLOGY 


In no case has the formation of galls been observed to cause the death of a 
plant, even though the plant had only reached the two-leaf seedling stage when 
attacked. The plants seemed rather to be stimulated into new growth and, 
when conditions were suitable for fast growth, they made good progress before 
the next flight of midges caused a further infestation. On the other hand, in 
the case of slow-growing plants successive attacks resulted in stunted develop- 
ment. In many cases successive and overwhelming attacks prevented flowering : 
but such intensive infestations are not often likely to occur out of doors. This 
is supported by observation on rows of infested black medick grown in 
Rothamsted Lodge garden. It seems hardly likely that in the field this midge 
can do much damage, unless the plant is growing badly from some other cause 
or causes. 


The sex ratio of the field-collected material in the insectary emergences was 
31 : 69 (fg : 29) and that of all the midges reared in the experiments 30 : 70, 

ete was, however, great variation, ranging from 1:99 to 47:53, in the 
numbers of the sexes derived from a limited number of parent midges. But 
although there was always this disproportionate number of the two sexes, no 
evidence of the occurrence of unisexual families was obtained in the few 
experiments (6, 7, 8 and 18) designed to test this. In the course of the investiga- 
tion five individuals were reared that either possessed male antennae and an 
ovipositor or female antennae and male genitalia. One of these had an ovary 
with male genitalia ; the other individuals, however, do not appear to be true 
intersexes, because apparently those that had an ovipositor possessed ovaries 
and those with male genitalia had testes. 


There is considerabie variation in the number of flagellar segments on the 
antennae of Dasyneura lupulinae, as is to be expected in species belonging to 
this genus. It is correlated with the general size of the midge, the smaller 
individuals having the smaller number of flagellar segments. An examination 
of 484 males and 959 females of the overwintering generation and the first 
generation of the year showed that out of every 100 males, 19 could be expected 
to have 2 + 14 antennal segments, 70 to have 2 + 13, 10 to have 2 + 12, and 
1 to have 2 + 11 antennal segments, giving an antennal formula (Barnes, Proc. 
zool. Soc. Lond., 1932, 323-34) of 2 + 14 (19.70.10.1) 11. The antennal formula 
of the females is similarly 2 + 14 (1.55.38.5.1) 10. 


TESTS WITH LUCERNE 


Finally, owing to the great similarity of D. /upulinae and D. ignorata Wachtl., 
which causes similar galls on lucerne (Medicago sativa), tests were made to see 
if D. lupulinae would live on lucerne. At intervals throughout the season 
D. lupulinae midges reared from black medick were placed in twelve pots 
containing only lucerne plants. In no case was oviposition observed, nor was 
there any evidence of gall formation. It would appear, therefore, that D. 
lupulinae will not infest lucerne. 


We thank Dr. H. C. Gough for drawing our attention to the occurrence of this midge at 
Braughing, for enabling us to obtain material and for his help in the preparation of this 
account. We also thank Miss Judy Horn for keeping us well supplied with the plants used in 
the experiments and for help in the daily extraction of the midges as they emerged. 
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SURVEY OF DAMAGE TO OATS BY FRIT FLY 
IN ENGLAND AND WALES, 1947-51 


Contribution from the Conference of Entomologists, National 
Agricultural Advisory Service, compiled by J. D. Thomas, 
N.A.A.S., Lawnswood, Leeds 


In a previous issue of this JOURNAL a general account was given of a scheme 
undertaken by the Advisory Entomologists for the assessment of the damage 
done to crops in this country by certain pests (Strickland, 1953). The scheme 
included surveys of the damage to oats caused by larvae of the Frit fly (Oscinella 
frit L.). 


At first the programme of work on Frit fly called for records to be made 
during three different periods of the year. A survey in March attempted to 
estimate the population of larvae that had overwintered in ryegrass leys. At 
the end of May and in early June crops of spring oats were examined to assess 
the amount of damage caused by first-brood larvae to the young shoots. Later, 
at harvest, samples of panicles were collected and the grain was examined to 
assess damage done by second-brood larvae. 


The main purpose of the March survey was to see whether populations of 
Frit fly larvae in ryegrass leys could be correlated with the amount of damage 
done by the spring brood to crops of oats on adjoining fields. It was found 
from two years’ results that such a correlation would be difficult to obtain, 
because very few larvae were recovered from ryegrass samples. For this and 
other reasons the March survey was discontinued after 1948. 


The spring survey of damage to plants was carried out for the four years 
from 1947 to 1950, while the survey relating to damage to grain has been 
tepeated annually since 1947. This report includes only the results for the 
years 1947-51. While the damage caused to oat seedlings by the spring-brood 
larvae is well known to farmers, that caused to the grain by the second brood is 
not often appreciated, even though it is sometimes considerable. Attention has 
been drawn to its importance in a preliminary account of these surveys which 
included the results obtained in 1947 (Thomas, 1948). 


SURVEY OF DAMAGE TO GRAIN 


Samples were taken at harvest time by collecting ten adjacent heads at each 
of ten different points along a diagonal of the field. The panicles were dried, 
and threshed by rubbing. The grain was coned and quartered and, finally, 
100 grains were taken at random from the reduced quantity. These oat grains 
were examined carefully for signs of damage to the kernels ; to do so it was 
necessary to remove the seed coat. The laboratory examination could be done 
at any time from harvesting to the end of December. The plan was to examine 
ten fields in each province. In fact, many more were sampled in some provinces. 


The survey of damage to the grain gives a more direct estimate of loss of 
yield, and is less liable to errors caused by the compensatory reaction of the 
growing plant than the survey of damage by first-brood larvae carried out earlier 
in the life of the plants. The results are summarized in Table 1, those for 1947 
and 1948 being given separately as they were on the whole higher than in the 
following three years, which are grouped together. 


35 


- 


hen 
nd, 
ore 
in 
Op- 
1g : 
‘his 
in 
dge 
use 
was 
70. 
the 
But 
no 
few 
iga- 
an 
ary | 
rue | 
ries 
the 
to 
ller 
ion 
irst 
ted 
and 
roc. 
see 
son 
ots 
was 
D. 
at 
this 
|_| 


PLANT PATHOLOGY 
TABLE 1 
Frit Fly DAMAGE TO THE GRAIN OF Oats, 1947-51 


1947 1948 1949-51 


Province No. of Fritted Grain No. of Fritted Grain No. of Fritted Grain 
Crops Meanpercent Crops Meanpercent Crops Meanpercent 


Northern .. 22 4-6 24 5°4 50 2:9 

Yorks and 10 10-5 16 5-1 43 6°3 
Lancs 

East Midlands 6 28-2 5 11-0 25 13-6 

West Midlands 18 27-0 24 8-7 54 7:6 

Eastern... 14 32-0 13 7:0 26 5°6 

Wales .. 5°5 26 13-7 19 6:1 

South-Western 10 23-1 14 26:7 17 10-9 
(Bristol) 

South-Western 45 9-2 70 6:9 107 9-0 
(Starcross) 

South-Eastern 10 27°7 5 9-6 15 6:7 
(Reading) 

South-Eastern — 6 11-5 8 14-6 
(Wye) 

All provinces 169 14-3 203 9-3 364 7°7 


There is an indication that, for the years during which the survey was carried 
out, grain damage was lower in the northern provinces than in the rest of the 
country. 


SURVEY OF DAMAGE TO SHOOTS 


The spring survey was designed to estimate the amount of damage caused 
by Frit fly larvae in oats during late May and June. The entomologists were 
asked to examine a minimum of five fields of spring oats in each province. 
Counts were made of the total and “ fritted ” shoots in twenty samples (each 
one-foot length of two adjacent rows of oats) along one diagonal of the field. 
Shoots with dead or wilted central leaves were removed and Oscinelline larvae 
identified in the laboratory. The variety and sowing date of each crop examined 
was recorded. 


The counts of attacked shoots were expressed as percentages of the total 
shoots in the twenty samples, giving a value which represented the amount of 
damage suffered by the crop at a particular time. The usefulness of this 
estimate was limited by a number of considerations. It could not be used to 
indicate the ultimate loss of yield of the crop. The total number of shoots 
upon which it was based was itself affected by the degree of attack—if a primary 
shoot is attacked and the growing point destroyed the plant is induced to form 
other tillers, which may be attacked in turn. It was obvious, too, that the 
time at which the observations were made was very important, and it was not 
possible to make repeated visits to the sites to ensure that the records were 
made when maximum damage was showing. 


Table 2 gives a general summary of the results over the four years 1947-50 
inclusive. The results for three of the provinces are given separately because 
of the unusually high estimates obtained in 1947 or 1948 in the fields examined. 
These figures indicate that in some parts of the country the pest caused much 
more severe damage during these years than in 1949 and 1950. This indication 
was supported to some extent by general observation. 
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Frir FLY ON OATS 
TABLE 2 


MEAN PERCENTAGE OF FRITTED SHOOTS IN OaT Crops, 1947-50 


Province 1947 1948 1949 1950 
fast Midland .. (6) 17-7 (3) 4:7 (11) 8-7 (6) 4:0 
West Midland .. (16) 33-5 (5) (7) 9-9 (6) 6-2 
South-Western (Bristol) (5) 6:2 (6) 37-1 3-3 (5) 0-1 
Allother provinces... (32) 3-4 (28) 4:1 (55) 3-4 (86) 


Figures in brackets represent number of crops examined. 


CORRELATION OF DAMAGE TO SHOOTS WITH DAMAGE TO GRAIN 


Where possible, samples for the estimation of grain damage were taken from 
the same fields as had been examined for estimation of damage to shoots in the 
spring. Where this was done the two estimates were examined statistically for 
correlation. During 1947, a total of 47 sites were observed on the two.occasions, 
and a highly significant positive correlation was found (P = 0-01). For 1948, 
only 30 sites were examined in this way, and a significant positive correlation 
was found (P = 0-05). No correlation was found between the results of the 
two surveys in 1949, when 35 fields were examined on the two occasions, nor in 
1950, when 48 were examined. It would appear that during 1947 and 1948, 
when the spring Frit fly attack was considered most severe, the amount of frit 
present in oat crops in spring was closely correlated with the amount of damage 
to the grain. 


EFFECT OF TIME OF SOWING 


It is generally believed that late-sown oats are more liable to suffer from 
severe attacks of Frit fly than early-sown crops. Table 3 gives the summary 
of the results obtained in both surveys, grouped according to date of sowing. 
The effect of sowing date on the degree of frit damage to the shoots is not as 
clear as might be expected. A relatively high percentage of damage is shown 
among crops sown in the second half of March, which could not be described 
as late-sown. In the grain surveys a more regular relationship was found, with 
amaximum amount of damage among crops sown during the first half of May. 
There was an unusually prolonged and severe spell of frost and snow during 
1947, and the break in the weather did not occur until almost the end of March. 
Consequently, spring oats were sown late. This may have been partly the 


TABLE 3 
INCIDENCE OF Frit Fry DAMAGE IN RELATION TO TIME OF SOWING 

Time of Sowing Mean Percentage Mean Percentage 

of Fritted Shoots of Fritted Grain 
1947-50 1947-51 
February (13) 3-4 (13) 3-8 
March 1-15 .. (46) (74) 4-9 
March 16-31 (68) 10-4 (128) 7:9 
April 1-15... (52) 4:8 (161) 
April 16-30 .. (44) 7:0 (154) 13-2 
May1-15.. (4) 11-4 (20) 18-1 
May 16-31 .. — (17) 4:8 


Figures in brackets represent numbers of crops. 
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PLANT PATHOLOGY 


reason for the high estimates of damage in some parts of the country in that 
year (Tables 1 and 2). In considering the figures in Table 3, it must by 
remembered that they relate to survey results from different parts of the country, 
and what may be early for one province may be considered late for another, 
This may apply equally to factors other than geographical location, such a 
altitude of field and nature of soil. 


VARIETAL SUSCEPTIBILITY 


Table 4 shows the mean percentage damage caused by first-brood Frit fly 
larvae to the shoots, and by second-brood larvae to the grain, of the varieties 
which occurred most frequently in the surveys. 


TABLE 4 


Frir Fry DAMAGE ACCORDING TO OAT VARIETY 


Mean Percentage Mean Percentage 

of Fritted Shoots of Fritted Grain 
1947-50 1947-51 
(12) 14-7 Victory .. (81) 15-3 
(46) 8-4 Onward... .. (89) 11-2 
Yielden .. (32)* 4-2 


Figures in brackets represent number of crops. 
* 21 of these were in the Northern Province. 


The figures for both surveys suggest that Victory is more susceptible than all 
other varieties. Star, Eagle and Onward appear moderately susceptible, while 
in both surveys Yielder appeared least susceptible. It would not be safe, 
however, to draw any firm conclusions from these figures, because the numbers 
of crops examined are too small, and also because particular varieties may be 
associated with one type of land or part of the country rather than another, 
and such factors would affect frit prevalence. Thus the variety Yielder appears 
to have a consistently low percentage damage, but examination of the records 
shows that this variety is grown only in the northern counties, where the 
incidence of Frit fly is believed to be low in most years. 
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SMUT DISEASES OF CEREALS IN THE NORTH 
OF SCOTLAND 


by ELIZABETH G. GRAY 
North of Scotland College of Agriculture, Aberdeen 


The prevalence of loose smut in the popular Scandinavian barley varieties, and 
the significance of small amounts of smut in oats grown for certification under 
the Scottish scheme, have revived interest in this group of diseases. In wheat, 
loose smut, Ustilago nuda (Jens.) Rostr., is to be found every year in many crops, 
especially of the varieties Bersée, Eclipse, Fylgia, Hybrid 46, Karn, Picardie, 
Progress and Vilmorin. The effect on yield is not serious, for infection seldom 
exceeds 1 per cent, except where a stock of seed of a susceptible variety is 
maintained on the same farm for a number of years. Bunt, Tilletia caries (DC.) 
Tul., has been recorded only from the College trial grounds at Craibstone, 
where it was observed in 1949 in a plot of the variety April Bearded. By the 
following year, infection was present in all the spring varieties which had been 
threshed after April Bearded. Since then, the disease has appeared each year 
in plots sown at Craibstone with seed which has not been disinfected. The 
small acreage of spring wheat in the College area is almost all sown with treated 
seed brought in from the south, and this may account for the absence of records 
of bunt in field crops. 


SMUTS ON BARLEY 


Loose smut on barley, Ustilago nuda, is conspicuous every year in the stiff- 
strawed varieties—the principal type grown in the north. In 1949, a few crops 
of Maja contained as many as 50: per cent of smutted heads, and it is quite 
usual to find infection at the rate of 2-15 per cent every season in crops of the 
varieties Carlsberg, Freja, Gold, Herta, Maja and Rigel. Kenia and Ymer are 
generally less severely infected. Loose smut is less common in bere and common 
barley and in the relatively few crops of Earl, Craig’s Triumph, Spratt-Archer 
and Plumage-Archer grown in the area. 


The rate of increase varies from season to season. It was especially great in 
1949, doubtless as a result of the wet weather in the flowering period of 1948. 
A stock of Rigel, imported in 1948, contained 2 per cent in that year, 10 per 
cent in 1949 and 20 per cent in 1950. Maja, treated at the College farm at 
Craibstone by the Jensen hot-water method in 1948, was apparently free from 
smut in that year, but had about one smutted head per acre in 1949 and 0-5 
per cent infection in 1950. There was again a marked increase of the disease 
in the susceptible varieties between 1952 and 1953. 


The bulk of the seed imported from .Denmark and Sweden is of a high 
standard of health, although there are a few reports each year of infection in 
crops grown from newly-imported seed. This may involve a mere trace, such 
as 0-01 per cent in Herta in 1953, but from 2 to 5 per cent has been noted. 
Infection at the rate of 0-5 per cent occurred in Freja sent for demonstration 
by : Danish firm as an example of seed treated with hot water on a commercial 
scale. 


Because of the difficulty of obtaining healthy seed, hot-water treatment was 
carried out for a few years in the neighbourhood of Aberdeen to provide seed 
for the College farm and for distribution to growers. Treatment of quantities 
up to two quarters proved successful with Maja and Freja, but not with Rigel 
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PLANT PATHOLOGY 


and Carlsberg. With larger quantities it resulted in reduced germination and 
only partial control of smut. Erratic results are, however, common experience 
when working with improvised equipment. Now that the process is being 
operated commercially by at least two seed firms, the work at Craibstone has 
been restricted to small demonstrations, with the object of encouraging the 
demand for healthy seed. 


The stiff-strawed varieties so greatly outyield those previously grown that the 
effect of loose smut on yield is still not widely appreciated. It is, in any case, 
difficult to demonstrate the extent of loss from this disease, for hot-water 
treatment designed to reduce infection is liable also to impair germination and 
vigour. (Very occasionally, treatment has improved germination.) In 1950, 
seed of Maja from a stock treated two years earlier was sown at a number of 
centres alongside untreated seed from the original untreated stock. The crop 
derived from treated seed contained 0-5 per cent infection and yielded an 
average of 7 quarters per acre, while the untreated, with 15 per cent infection, 
yielded 6-7 bushels less. 


There is no authenticated record of the black loose smut of barley, U. avenae 
(Pers.) Rostr. or U. nigra Tapke, in north Scotland. The claim persists among 
farmers that loose smut of barley has been controlled in the past by treating 
the seed with formaldehyde. This treatment does not, of course, control U. nuda. 
Samples of spores from old-established stocks of barley have been examined 
for type of germination, but none has shown the distinctive sporidial growth 
figured by Tapke (Phytopathology, 1941, 31, 284-6), for U. nigra. 


Covered smut, U. hordei (Pers.) Lagerh., is rare in crops of the newer varieties 
of barley. It persists as a fairly serious disease of bere and six-rowed barley 
on the calcareous sandy soils of Orkney, Shetland and the Outer Hebrides, 
where the crops contain amounts ranging from 0-1 to 25 per cent. Disinfection 
of the seed with organo-mercurial preparations gives good control, but is little 
practised in the crofting districts, where soil conditions are particularly favour- 
able for this disease. Indeed, one of the difficulties of demonstrating covered 
smut is that it seldom develops when infected seed is sown on normal arable 
soils. 


SMUTS ON OATS 


In the cultivated oat, Avena sativa, the loose and covered smuts, Ustilago avenae 
and U. hordei, are now virtually confined to the older varieties or to stocks of 
seed which have been grown for many years without disinfection. The old 
black variety, Murkle, now grown mainly on the more fertile parts of the shell- 
sand soils in Orkney, where it withstands manganese deficiency, is usually 
substantially infected with both smuts to an extent of 1-10 per cent. Small 
amounts of loose smut have been noted in Sandy, Potato and R.30 oats in 
Lewis, Shetland and Inverness-shire. ‘ Not all the modern varieties are resistant, 
for loose smut has also been found in Minor and Sun II, grown from seed 
imported from Denmark, and in several crops of treated seed of Onward and 
Yielder in Aberdeenshire. The position of covered smut is similar. Heavy 
infection has been noted in, for example, R.30 and Potato oats grown in the 
more remote parts of Shetland, Sutherland and Aberdeenshire. Infection 
estimated at 0-1 per cent occurred in a crop of Star grown from seed newly 
imported from Denmark and treated there with an organo-mercurial. 


Smutted heads are abundant in the crops of Avena strigosa on the shell-sand 
soils of the north-west mainland, the Outer Hebrides and those parts of Orkney 
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CEREAL SMUTS IN THE NORTH 


where the pH is too high, or the fertility too low, for Murkle to suceed. Covered 
smut is the commoner form, but loose smut is also present. A few growers 
carry out seed treatment and keep infection within limits ; nevertheless, in 
sme crops in the Hebrides the smutted heads outnumber the healthy. In 
Shetland, where A. strigosa, known as “ Shetland aits”’, is still grown on all 

of soil, infection is severe on the shell-sand but usually only slight on the 
heavier land. A. strigosa tolerates a wide range of soil conditions and a healthy 
stock of seed from peaty soil in Shetland grew well on the shell-sand (machair) 
of Benbecula in the Outer Hebrides. S.75, the Aberystwyth selection of A. 
strigosa resistant to smut, also grew well in a variety trial in Benbecula, but 
produced a more wiry type of plant with less bulk of straw than the local form 
of A. strigosa. 


Because of its parentage and its reputed resistance to smut, the Welsh hybrid, 
§.171 (A. strigosa x brevis), was sown in a number of areas of shell-sand soils 
in 1948. It grew well in the southern islands of the Outer Hebrides but, on 
similar soil in Orkney, showed symptoms of manganese deficiency and failed. 
Aconsiderable acreage is now grown in North and South Uist and Benbecula. 
Two years after it was brought into the islands, a few plants infected with 
covered smut were present in all crops. Infection has increased slightly since 
then but the stocks of the variety in the islands are still superior in health and 
vigour to the native A. strigosa. 


Professor E. T. Jones of Aberystwyth suggested that the breakdown in 
resistance in S.171 might be due to the existence in the islands of distinct strains 
of smut. To test this, a range of varieties of oats and barley were inoculated 
with loose and covered smuts collected from a number of sources (see table 
below). The four lines of A. strigosa used were: the form cultivated in the 
Outer Hebrides (Uist), S.75 and S.171 from Aberystwyth, and a tetraploid form 
produced at the Scottish Plant Breeding Station (SSRPB). 


RESULTS OF INOCULATION OF OATS AND BARLEY WITH USTILAGO HORDEI AND U. AVENAE 
FROM VARIOUS SouRCES, 1952-53. 


Barley Avena sativa Avena strigosa 
Bere Maja Murkle R.30 Uist §S.171 SSRPB 


U. hordei from : 
Barley— 
Oats— 
Murkle (c) + + = 
U. avenae from : 
Oats— 
+ = infected o= not infected — = not tested 


From a. Sanday, Orkney ; b. Alford, Aberdeenshire ; c. Murray, Orkney ; d. N.W. Sutherland ; e. Benbecula ; 
f£.§. Uist; g. Burray ; h. Lewis; k. East Craigs. 


The method used was that of Ainsworth and Sampson (The British Smut 
Fungi (Ustilaginales), 1950). The spore collections were tested for germinating 
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PLANT PATHOLOGY 


capacity and were examined microscopically to determine the type. (A number 
of collections of what appeared to be loose smut on Avena strigosa were 
actually smooth-spored and, on inoculation, produced symptoms of the 
covered type.) After the pales had been removed, the seed to be tested was 
disinfected with hypochlorite, washed in sterile water, dusted with spores, sown 
in sterilized sand with a moisture content of 20 per cent saturation, and kept 
at a temperature of 22°C. for three days. After this, the seedlings were 
transplanted into a normal potting compost in 10-inch pots at the rate of ten 
plants per pot and kept in a cool greenhouse until flowering time, when the 
smutted heads were courited. All the successful inoculations were checked by 
reinfecting the original host, with the exception of the isolate from barley, 
presumably a mixture, which infected A. strigosa in one test. All the isolates 
of loose smut reacted alike, but there would appear to be at least two strains 
of covered smut on oats in the north, and it is interesting that §$.171 is 
susceptible to the Hebridean form. The isolates have been maintained as 
pure lines by repeated inoculation and are being used, together with collections 
made from all the main groups of islands in August 1953, in an examination of 
the distribution of strains in the north of Scotland. 


With the co-operation of the Scottish Society for Research in Plant Breeding, 
resistance to smuts has been tested in the oat material which is being used for 
breeding improved varieties for the particularly rigorous conditions of the shell- 
sand areas. So far, twenty-six selections of A. strigosa, A. brevis and Murkle 
have been tested. A mixture of spores from all the collections of loose and 
covered smuts was used as inoculum. All the samples of Murkle proved 
susceptible, some showing symptoms of loose smut and others of both loose 
and covered smuts. Most of the selections of A. strigosa—Hebridean, Welsh, 
Russian and Portuguese—were susceptible and exhibited symptoms mainly of 
the covered type. The nine lines which remained free, comprising A. strigosa, 
A. brevis and A. barbata x brevis, are being tested for susceptibility to the 
separate collections of smuts. 


CONTROL OF OAT SMUTS 


The development of resistant varieties of oats is the most promising solution 
to the smut problem in the islands, where the difficulties of obtaining equipment 
and materials are too great for treatment of home-saved seed to be widely 
practised. Chemical treatment, is, however, of interest to growers of seed oats 
on the mainland. During the last four years, a number of preparations have 
been tested on seed of R.30, from a crop with 10 per cent covered smut, and of 
Murkle, from Orkney, from crops substantially infected with both loose and 
covered smuts. The amount of the two smuts which appeared in the plots at 
the College Farm at Craibstone varied from year to year and was usually less 
than in parallel trials on the calcareous sandy soils of Orkney. 


Treatment with formaldehyde, properly carried out, consistently reduced 
infection with both smuts to a trace. Covered smut, in the few trials in which 
it developed, was almost completely controlled by an organo-mercurial dust. 
Against loose smut, which developed more frequently, short wet treatment with 
an organo-mercurial was effective, but dusting treatments including those with 
organo-mercurials, were sometimes ineffective. 


I am indebted to my colleagues the agricultural advisers for the island counties, to Mr. 
Donald Cameron of the Scottish Plant Breeding Station, and to the late Mr. Murdoch 
MacDonald for material and help in carrying out the trials. 
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THE HOP ROOT WEEVIL 


by C. A. COLLINGWooD 
National Agricultural Advisory Service, Evesham 


In 1948 my attention was drawn to damage by the larvae of Epipolaeus 
caliginosus to hop rootstocks in a Worcestershire hop yard. This weevil was 
frst recorded infesting hop roots in this country by Theobald (Entomologist, 
1930, 63, 8). _Massee (Rep. E. Malling Res. Sta., 1937, 203) described the damage 
in partly decayed hop roots received from a grower at Tenbury, Worcestershire 
inJuly 1937. He also reported in 1946, that this weevil, which he referred to as 
the Hop Root Weevil, appeared to be well established in the Hunton district 
of Kent (ibid, 1946, 124), and in 1950 (ibid, 1950, 141) that it was being 
encountered frequently as a troublesome pest in Herefordshire, Worcestershire 
and East Kent. In addition, in 1953 Massee (in lit.) had one record each for 
Sussex and Hampshire. Newton (Hereford agric. J., 1949, 2, 211) reviewed the 
occurrence up to that time of the weevil as a pest of hops in the West Midlands. 


DISTRIBUTION IN WORCESTERSHIRE AND HEREFORDSHIRE 


The weevil has now been found in hop yards on more than twenty farms 
generally distributed throughout the main Worcestershire and Herefordshire 
hop-growing areas, as shown in the map. The occurrences have been on all 
types of hop-growing soils ranging from alluvium to medium and heavy loams 
derived from Old Red Sandstone and Keuper formations. In Herefordshire 
the pest was not apparently recognized until 1949, and has perhaps only recently 
been introduced into many areas, but in Worcestershire it has been known on. 
some farms since 1935 and probably earlier. Indeed, most complaints of damage 


Recorded occurrences (e) of the Hop Root Weevil in Worcestershire and Herefordshire, 
to 1953. Shading indicates the hop-growing areas. 
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have been received from this county. The insect has not been recorded in the 
West Midlands outside hop yards, and its spread from yard to yard would 
normally be slow. Although outlying, hop-growing areas in south-eas 
Worcestershire and north Herefordshire are still free of the pest, it is evidently 
increasing its range year by year. The chief means of spread is by the sale and 
distribution of infested cuttings or plants. 


LIFE HISTORY 


The adults are wingless, pitchy to dull black when mature, and usually 
encrusted with mud. Specimens from hop yards measure from 7-5 to 9 mm, 
in length, the females being stouter on the average than the males. The sex 
ratio is 1:1. The narrow body and parallel-sided elytra, which are only 
slightly broader than the thorax, distinguish this weevil from those of the 
Otiorrhynchus group. Adults are very sluggish, and hide away under clods of 
soil or among the basal underground portions of the bine, where they can feed 
and breed without coming to the soil surface. They have been found in all 
months of the year but are most abundant in the late summer and autumn. 


Eggs, larvae and pupae have been found only within the tissues of the host 
plant below soil level (Plate III). Eggs are inserted singly through punctures 
made in the epidermis of the basal underground portion of the bine or in the 
rootstock. They have been found from mid-August to May, with the largest 
numbers occurring from September to November. Larvae are of typical weevil 
form and are distinguished from those of Otiorrhynchus spp. by the presence ofa 
median line (endocarina) on the frontal portion of the head. Young larvae 


‘tunnel in the cortex and older ones bore into the pith. Burrows may be 


distinguished from naturally occurring breaks or diseased areas by the presence 
of plugs of frass. The duration of the larval period varies from 9 to 18 months, 
older larvae being found at all times of the year in the rootstock. Pupation 
takes place within the larval burrows, and pupae have been found from early 
June to mid-September, the pupal period lasting from two to three weeks. 


DAMAGE TO THE HOP PLANTS 


In early summer the hop plants are ridged up so that the fresh bines are 
covered at their base to a depth of four to five inches with soil. Much of the 
autumnal egg laying takes place in this portion of the bine, which swells and 
forms subsidiary roots. It is possible to assess the amount of infestation by 
pulling at the bines after cropping; in heavily infested yards many break 
away easily and reveal cavities at the base. In some seasons damage may be 
so severe that some bines are killed by the end of the summer ;_ usually, however, 
the most noticeable form of damage is loss of vigour of the whole plant through 
destruction of the rootstock by the larvae. In heavily infested material, there may 
be twenty or more larvae in each rootstock, and in yards with plants at this 
level of infestation annual replacement may be heavy. 


Frequently, the extent of damage is realized only in the spring, when the 
larval burrows in the crown of the rootstocks may be exposed during the 
process of trimming back the hop plant. A large proportion of the younger 
larvae are in the swollen basal portions of the bine which are cut away during 
this process, which therefore acts as a regular check on the infestation. But 
as the majority of the larvae are in the rootstock, the pest cannot be eradicated 
by this means. Basal portions of the old bine are used as cuttings or sets, and 
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Hop Roor WEEVIL 


itis chiefly by infested sets that the pest is spread from yard to yard. Damage 
by the adult weevil is of minor importance, since it occurs only at the end of the 

owing season and is confined to scraping of the base of tne bine below soil 
level. Irregular holes are sometimes torn out of the lower leaves but feeding on 
the soil surface seems to occur only in dull, mild weather. 


In many yards, plants showing symptoms of Nettlehead have been found to be 
infested with weevil larvae, and frequently areas of hop yards with a long history 
of Nettlehead losses are those most heavily infested with weevil. Nettlehead, 
however, occurs widely in districts where the weevil has not yet been found. 


EXPERIMENTS ON CONTROL 


The only stage in the life history that is vulnerable to the surface application 
of insecticides is the adult. In laboratory trials BHC formulations were found 
to kill more readily than DDT. Late summer treatments in the field, including 
dusting and spraying with DDT and BHC, and watering with parathion, have 
all proved unsatisfactory. Treatment with BHC dust in early June, before 
tidging up, has, however, given promising results. On June 10, 1950, 34 per 
cent BHC dust was applied at the rate of | Ib. per ten hills (1 cwt. per acre) in 
part of an infested yard. In August 1951 plants were dug out and examined. 
Out of 16 plants from the treated area, 21 larvae were extracted, as against 
123 larvae from 20 plants in the untreated areas. Pupae and adults were also 
considerably fewer in the treated plants than in those untreated, but it appeared 
that the main effect of the treatment had been to prevent egg laying by the 
adults emerging during the summer of 1950. Although in some seasons treat- 
ment just before earthing up might precede the emergence of fresh adults by 
some weeks, the insecticide would be so placed that eventual contact with the 
young adults would be inevitable. Failure of insecticidal treatments applied 
after earthing up may be accounted for by the fact that emerging weevils will 
not necessarily come to the surface of the soil. Since the larvae do not all 
pupate in one season, and many live on until the second season after hatching, 
treatments would need to be repeated over two or more years. 


Various methods have been tried for the control of larvae in infested cuttings. 
Larvae exposed to the surface are easily destroyed, but those deep inside tunnels 
in the cuttings are not reached by insecticides, although enough insecticide may 
persist to destroy the larvae at a later stage. On one farm, soaking the cuttings 
in 0-2 per cent DDT emulsion was found ineffective ; in subsequent seasons 
parathion at 0-04 per cent was used with a fair measure of success. Surround- 
ing young plants with a barrier of BHC dust after planting has also been 
tried and may be expected to be effective against the emerging adults. 


In laboratory trials with cuttings, parathion and a fluorophosphine systemic 
compound, each at 0-1 per cent concentration, gave about 60 per cent control 
but were slightly phytotoxic. BHC and nicotine at various strengths were also 
ineffective. With warm-water treatments, hop cuttings survived temperatures 
up to 46° C. for 15 minutes without serious check. Larvae were destroyed at 
44°C. and over. Treatment at 45° C. (113° F.) appears, therefore, to be possible, 
but cuttings should be cooled and planted immediately after treatment. The 
method would probably only be economically worth while when dealing with 
Special stocks. 


Thanks are due to the growers who permitted observations to be made in their hop yards, 
to Mr. N. Jacob for the map, and to Dr. R. Eric Taylor for the photograph. 
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EXPERIMENTS ON THE CONTROL OF PEA MOTH 


by C. A. EDWARDS 
National Agricultural Advisory Service, Bristol 


Good control of the Pea Moth, Laspeyresia nigricana (F.), has been obtained 
by the use of DDT emulsions (Wright and Geering, Bull. ent. Res., 1948, 39, 
57-84), but in some districts there are difficulties in carrying out wet spraying 
owing to the need for carting water. Trials were made in the Bromham market- 
gardening area in Wiltshire, in 1952 and 1953, to test the possibility of obtaining 
satisfactory control with DDT dust. 


The first trials, in 1952, were designed to ascertain the best time of application, 
The trials were made on Onward, the variety most extensively grown in the 
district. Three sites were chosen, of which two were near together and the 
third about a mile away. These sites provided three consecutive crops sown on 
April 25, April 30 and May 16 respectively. At each site applications of 5 per 
cent DDT dust, on plots measuring 7 yards by 4 yards, were tried (a) on the 
second, (b) on the tenth, and (c) on both the second and the tenth day after the 
onset of flowering. There were four replications of each treatment and control, 
in a randomized block layout. The applications were made with a hand duster 
of the bellows type using the material at the rate of about 1 cwt. per acre, 
which was found to give an excellent cover of the foliage. 


The effects of the treatments were estimated by taking samples of 100 pods 
at random from each plot just before market picking. The peas in the sample 
pods were shelled and examined for larvae, care being taken to note the minute 
pinholes caused by small larvae, and also to note the presence of more than 
one larva in a pod. 


TABLE 1 


EFFECT OF APPLICATIONS OF DDT Dust ON PERCENTAGE OF PEAS ATTACKED BY 
Motu Larvag, 1952 
Trial 1 Trial 2 Trial 3 
(Picked on July 9) (Picked on July 15) (Picked on July 26) 


Date of  Percentageof Dateof  Percentageof Dateof Percentage of 
Application Peas Attacked Application Peas Attacked Application Peas Attacked 


June 21.. 0 June 26.. od, 
June 30.. a 0 July7 .. 8-0 July 11 22:0 
June 21 .. June 26.. July3 .. 
June 30.. July7 .. July 11 .. 
Control 0 Control Control 44:0 
Significant differ- 
ence (P = 0-05) 8-8 18-6 


The results (Table 1) showed that in the crop which flowered earliest the peas 
escaped attack, while in the neighbouring crop flowering about a fortnight 
later, the attack was heavy. The single dusting on the second day after the 
beginning of flowering had no significant effect, and the two dustings on the 
second and tenth days were little more effective than the single dusting on the 
tenth day only, which gave a fair measure of control, particularly in Trial 2. 


In 1953, 5 per cent DDT dust at about 1 cwt. per acre, as in 1952, was 
compared with 14 per cent dieldrin dust at about 66 Ib. per acre, and a } per 
cent DDT spray (using 25 per cent DDT emulsion) at about 140 gallons per 
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CONTROL OF PEA MOTH 


yr. The trial sites were near those used in 1952, Onward was again the trial 
variety, and the size and layout of the plots were the same. The dates of sowing 
yere April 26, May 2 and May 10. All the treatments were given once only, 
bout 10 days after the beginning of flowering, when the maximum number of 
fowers were open and the first pods were just setting. 


TABLE 2 


BrrecT OF SINGLE APPLICATIONS OF INSECTICIDES ON PERCENTAGE OF PEAS ATTACKED 
BY PEA MOTH LARVAE, 1953 
Trial 1 Trial 2 Trial 3 
(Treated on June 25: (Treated on July2: (Treated on July 3: 
Picked on July 13) Picked on July 14) _— Picked on July 23) 


Percentage of Percentage of Percentage of 

Peas Attacked Peas Attacked Peas Attacked 

(a (b 
DDT dust .. 0 1-0 9-5 8-0 
Dieldrin dust 3-0 1°5 17°5 15-0 
DDT spray .. 7°5 1-5 5:5 4-0 
Control i 14-0 2:5 18-5 15-0 

Significant difference 

(P = 0-05) 5-0 1-7 4-0 2°8 


The results in 1953 (Table 2) showed that the general level of the infestation 
was lower than in 1952. In Trial 1 the DDT dust was more effective than the 
gray, in Trial 2 about equal, and in Trial 3 less effective. Dieldrin dust 
appeared fairly effective in Trial 1 but not in Trial 3. To check the accuracy 
ofthe sampling method, a further 100 pods were taken from each plot in Trial 3, 
and the results showed good agreement (column (b)). 


At a supplementary site in 1953 a malathion spray (at the rate of 3 lb. of 
Sper cent wettable powder in 150 gallons of water per acre) was tried against 
control, with one application on July 9. At picking on July 23, 4-7 per cent of 
the peas were found to be attacked, as against 5-0 per cent in the controls. 
In this single trial, therefore, malathion had no appreciable effect. 


CONCLUSIONS 


The results of the trials in 1952 and 1953 indicate that a 5 per cent DDT 
dust may give about as good control as DDT wet spraying, provided the dusting 
isdone when the maximum number of flowers are out and the first pods are 
just formed. The dusting appeared to give better control of early larvae than 
of late ones, since when the peas were shelled such larvae as were present in 
the samples from the treated plots were mostly small. 


Thanks are due to Messrs. V. Amor, C. Davies and E. May of Bromham, on whose cro} 
the trials were made, and to Mr. G. Baines and Miss M. L. P. Watson of the N.A.A.S. who 
gave much help during the work. 
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FRIT FLY DAMAGE TO WINTER CEREALS 


If a cereal is sown soon after ploughing a ryegrass ley, the newly-germinate 
plants may be damaged by Frit Fly larvae that migrate from the ryegrass into 
the young cereal plants. Wheat is the crop known to be most frequently 
attacked—probably because this is the commonest autumn-sown cereal. 


In the autumn and early winter of 1953 damage to wheat throughout the 
country was widely reported and occurred most frequently after ryegrass leys, 
As expected in such a year, there were also several records of damage to crops 
grown after dirty or weedy stubbles, or after stubbles with a cover of self-sown 
cereal plants. But there were a few reports of damage to cereals grown after 
clean stubbles, and in Warwickshire there was one instance of damage to a 
cereal grown after a clean fallow. In recent years there have been reports that 
flies of the third generation may, in some instances, have laid their eggs directly 
on autumn-sown cereal plants, and it is presumed that this habit may have 
accounted for a number of the reports of damage to winter cereals that could 
not otherwise be explained. In particular, it is thought to have accounted for 
much damage in the N.A.A.S. South-Eastern Province, since many fields were 
sown to cereals very early in the autumn and germination was rapid. The 
average loss of wheat plants on the fields examined in this province was estimated 
to be 25 per cent, and up to 90 per cent loss of plant was recorded in a few 
fields. Winter oats and barley also suffered to some extent and there was one 
record as early as September of damage to rye following an oat crop. 


From the Midlands and eastern counties there were numerous reports of 
damage, mostly to wheat. Several oat crops also suffered and in Worcestershire 
there was one case of severe damage to winter oats sown in October after wheat 
stubble ploughed in September. 


There was a report from the West Midlands of considerable damage to 
August-sown rye which had been used as a cover crop for clover and fescue. 
Rye also suffered damage in two fields in the eastern counties, in one instance 
the crop followed a grassy barley stubble ploughed ten days before drilling. 


These numerous reports of Frit Fly damage to winter cereals may, to a 
considerable extent, have been due to a large population of Frit Fly larvae in 
grass following a large second generation of the pest in the grain of oat panicles 
at harvest time. Abnormally high population and considerable panicle damage 
had been reported in the late autumn: for instance, in the West Midlands 
grain infestations were heavy generally, and in one crop of Victory 48 per cent 
of the grain was damaged. Another sample of spring oats had 29 per cent 
damaged grain. In the eastern counties crops gave lower yields than was 
expected because of damage to grain, and in parts of Lincolnshire this type of 
injury was noticeable for the first time for seven years. Damage to grain i 
the panicle was also recorded in other parts of the country, and in the South- 
poco Province one crop of Black Supreme had 59 per cent fritted grain after 
threshing. 


Plant Pest Survey 
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ALDREX contains aldrin* 


In the new Shell insecticide ALDREX (containing aldrin), British 
farmers have the first fully-effective non-tainting control for 
Wireworm, Leatherjacket and other soil pests. ALDREX is 
available as dust or spray. Similarly effective and non-tainting 
against Cabbage Root Fly, Carrot Fly and many other pests, 

is the new miscible oil spray DIELDREX 15 (containing dieldrin). 
Both ALDREX in the soil and DIELDREX 15 on the foliage have 
exceptionally prolonged residual effect and are harmless to crops. 


xaldrin and dieldrin are the new Shell 


base-materials for better insecticides 


contains dieldrin*| DIELDREX 


Aldrin and dieldrin have been making insecticide history in 
many countries. Field tests of these new Shell base-materials 
have been carried out on a scale hitherto unattempted. 

Their outstanding success against a very wide range of pests, 
many never before satisfactorily controlled, is such that 

they have been rightly hailed as master materials which greatly 
advance the efficiency of protection for food crops. 


ALDREX and DIELDREX are Registered Trade Marks 
Shell Chemicals Limited, Norman House, 105-109 Strand, W.C.2 


(DISTRIBUTORS) 
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ADVERTISEMENTS 


SULPHATE OF COPPER 


98/100% PURITY 
, CRYSTALS AND POWDER 


FUNGUS DISEASES 


Control and prevent by spraying with Bordeaux Mixture 
made with the best quality Sulphate of Copper. 


COPPER DEFICIENCY 
Sulphate of Copper in powder form is also widely used 
for the correction of Copper Deficiency of the soil and in 
animal nutrition. 


BRITISH SULPHATE OF COPPER ASSOCIATION LTD. 
1 GREAT CUMBERLAND PLACE, LONDON, W.1 


Telegrams : Telephone: 
BritsuLcop, WESPHONE, LONDON PADDINGTON 5068/9 


SPRAYING & DUSTING 


For Large or Small Growers there is the right machine for the job, 


whether applying Washes, Dusts, Weedkillers, Creosote, Disinfectant 
or Limewash. 


The COOPER PEGLER HAND POWER LOW 
VOLUME WEED SPRAYER (as illustrated). 


Ideal for farmers for use at short notice. A 
strongly constructed machine incorporating the 
“*Dulcaver"’ Pressure Retaining Pneumatic 
Sprayer. Easy to operate, having minimum of 
working parts. Supplied complete with brackets 
for attachment to Farm Cart, Land Rover, etc., 

. Suction Hose, Strainer, Delivery Hose, and 
10-ft. Spray Boom. When fitted with the Cooper 
Pegler Low Volume Nozzles | acre can be 
sprayed in about I5 minutes at from 6 to I2 
gallons per acre as desired. 


The following are made and stocked 

for IMMEDIATE DELIVERY 

@ Hand Sprayers. 

@ Knapsack and Pneumatic Knapsack Models. 

@ High Pressure Hand Power machines. 

@ Power a with Auxiliary Engines or 
‘ake-Off. 


Power Tank capacities 3} pints to 350 gallons. 
@ Powder Sprayers, Hand or Engine Driven. Outputs from 3 to 450 gallons per hour. 
@ Dust Guns, etc. Pressures from 25 to 570 Ibs. per square inch. 
Catalogue from :— 


COOPER, PEGLER & CO., LTD. Sussex 
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ALWAYS REMEMBER 


Four OAKS 


SPRAYING 
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FOR LASTING 


A new and up 

to date catalogue 
illustrating and 
describing our 
range of machines is 


Tractor mounted and trailer units for 
crops and grass lands. 


NOW 
AVAILABLE 
knapeack machine, 
REQUEST 


FA. 


EN 


lege o 


YOUR SPECIAL REQUIREMENTS 
OR SUGGESTIONS 
RECEIVE OUR PROMPT ATTENTION 


Hand sprayers giving atomized 


THE FOUR OAKS SPRAYING MACHINE cl 
FOUR OAKS: BIRMINGHAM 


Phone : Four Oaks 305 & 1560 Grams : Sprayers - Four Oaks 


spray. 
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The Diagnosis of Mineral 
Deficiencies in Plants 
by Visual Symptoms 


(2nd Edition) 


A COLOUR ATLAS AND GUIDE 


T. WALLACE, C.B.E., M.C., D.Sc., F.R.I.C. 


Written primarily for the use of technical officers and advisers 
concerned with problems of crop production, and for 
progressive farmers, vegetable growers and fruit growers, this 
book describes a method of recognising, by sight, deficiency 
symptoms of the various plant nutrients in commonly grown 
agricultural and horticultural crops. When the method can 
be used, it provides the quickest means of determining the 
causes of failures due to mineral deficiencies and it will often 
enable a full crop to be harvested where otherwise complete 
failure might result 


312 full colour plates 107 pp. text 


Price 35s. Od. net 
(35s. 8d. including postage) 


Obtainable from 
HER MAJESTY’S STATIONERY OFFICE 


at the addresses on the title page 
or through any bookseller 
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